Since it was first described by Kim et al. in 1994 (4) , the telomeric repeat amplification protocol (TRAP) has been used extensively to detect telomerase activity in a variety of tissues. It is a highly sensitive polymerase chain reaction (PCR)-based assay that has been used to detect telomerase activity in a high proportion of cancers of various origins as well as low levels of activity in certain normal progenitor cells. The function of telomerase is to extend the length of the telomeric DNA on the ends of chromosomes by adding extra telomeric repeats. This overcomes the end replication problem faced by linear chromosomal DNA and prevents chromosomal shortening that could otherwise trigger cellular senescence.
The TRAP assay is essentially a two-part process. In the first reaction, a synthetic oligonucleotide (TS) containing the telomeric repeat sequence recognized by telomerase is mixed with the tissue homogenate to be tested. If telomerase is present, it will add further telomeric repeats (TTAGGG) onto the end of the TS oligonucleotide. In the second part of the reaction, another oligonucleotide (CX) is introduced that is complementary to the repeat sequence, and the extended synthetic oligonucleotides are then amplified by PCR. The PCR product lengths vary depending on the number of repeat units incorporated but always increase in size by multiples of six (the length of the repeat unit). After gel electrophoresis, a characteristic DNA ladder is produced, with the bands 6 bp apart.
The original TRAP method entailed lyophilizing the CX primer in the bottom of the reaction tube and sealing it with wax. The remaining reagents required for both telomeric extension and PCR were then added above the wax barrier, and the tube was incubated for 10 min to allow the telomerase to extend from the TS oligonucleotide. The tube was then heated to 95°C, at which time the reagents sank below the wax, mixing with the second primer (CX), and PCR could then be performed. A disadvantage of this technique was the requirement for prior preparation of the reaction tubes. Lyophilization of the CX primer and sealing with wax beads is quite time-consuming, and pipetting 10 µ L of molten wax into tubes is quite difficult to do without the wax setting. A slight alteration to this technique is to add an entire wax bead (AmpliWax ® PCR Gem; Perkin-Elmer, Norwalk, CT, USA) to each tube containing lyophilized oligonucleotide, heat the tubes briefly in a thermal cycler to melt the wax, then cool them so the wax sets and forms a barrier (2, 6) .
Disadvantages of this are that the use of one wax bead per reaction increases the reagent cost significantly and that when the reaction vessels were transferred from the thermal cycler back to a pre-PCR setup area, the risk of contamination significantly increased. Most methods now used do not separate the PCR primer from the remaining reagents with a wax barrier but instead add the TaqDNA polymerase and/or the CX primer to the reaction only after the telomeric extension step has been carried out and the sample has been heated to 95°C (1, 3) . This method is less laborious than preparing the reaction tubes with lyophilized CX primer and wax beads; however, it does require an extra pipetting step and reopening of the reaction tubes before the PCR, which can increase the risk of contamination.
We have modified the protocol to incorporate the use of AmpliTaqGold ™ 726BioTechniques Thin-walled, 0.6-mL reaction tubes were prepared with 100 ng CX primer (5 ′ -CCC TTA CCC TTA CCC TTA CCC TAA-3 ′ ) sealed below an AmpliWax PCR Gem by heating to 84°C in a thermal cycler and cooling slowly to 20°C. A reaction mixture was prepared containing TRAP buffer (resulting in final concentrations of 20 mM Tris-HCl, pH 8.3, 1.5 mM MgCl 2 , 68 mM KCl, 0.05% Tween ® 20, 1 mM EGTA), 50 µ M dNTPs, 100 ng TS primer (5'-AAT CCG TCG AGC AGA GTT -3 ′ ), 2 U AmpliTaq DNA polymerase and 1 µ Ci [ α -32 P] dCTP in a final volume of 23 µ L per reaction. Two microliters of cell lysate were added per reaction and tubes incubated at room temperature for 20 min, then heated to 94°C for 30 s, followed by 35 cycles at 94°C for 30 s, 50°C for 30 s and 72°C for 45 s, with a final extension step at 72°C for 1 min in a PTC-100 ™Thermal Cycler (MJ Research, Watertown, MA, USA) with a hot bonnet. Lanes 7-12: modified TRAP. Reaction components were the same as the original protocol with the following exceptions: ( i ) CX primer was added directly to the reaction mixture; ( ii ) no wax barrier was used; and ( iii ) AmpliTaq Gold was used in place of AmpliTaq. Thermal cycling profile was the same except for inclusion of an incubation at 95°C for 10 min immediately prior to the PCR cycles. All reactions were subsequently electrophoresed for 2 h at 1300 V on a 35-cm × 43-cm × 0.4-mm 7 M urea, 6% polyacrylamide gel in TBE buffer (0.09 M Tris-borate, 0.002 M EDTA). Gel was then dried and exposed to Cronex X-ray film for 18 h at -70°C.
DNA Polymerase, a modified version of AmpliTaq ® (both from PerkinElmer) that is heat-activated. By making this substitution, all the reagents for the TRAP can be added at the outset, including the AmpliTaq Gold and both oligonucleotides, without the necessity for a wax barrier. The AmpliTaq Gold is nonfunctional until the reaction tube is heated up to 95°C after the telomeric extension phase has been performed, and the presence of the second primer does not appear to interfere with the telomeric extension.
The modified protocol was compared to the original TRAP described by Kim et al. (4) using ground rat testicular tissue as the telomerase-positive control. A slice of flash-frozen rat testicle measuring approximately 5 × 5 × 1 mm was ground in 500 µ L of ice-cold lysis buffer (10 mM Tris-HCl, pH 7.5, 1 mM MgCl 2 , 1 mM EGTA, 0.5% CHAPS, 10% glycerol, 5 mM β -mercaptoethanol, 0.1 mM aminoethylbenzenesulfonyl fluoride [AEBSF]) in a chilled glass 2-mL tissue homogenizer (Corning Costar, Ten Broeck, England, UK). The homogenate was chilled on ice for 20 min, then centrifuged and the supernatant separated into 20-µ L aliquots, flash-frozen in liquid nitrogen and stored at -80°C. The protein concentration was determined using the Protein Assay Kit II (Bio-Rad, Hercules, CA, USA) according to the manufacturer's instructions. The protein extract was diluted 1/10, then fivefold dilutions were performed and each dilution subjected to both the original TRAP and our modified method using AmpliTaq Gold DNA Polymerase. Both methods gave similar results when applied to dilutions of rat testicular protein from 1250 to 2 ng/ µ L (Figure 1) . Both methods showed some inhibition at the higher protein concentrations and primer dimer artifacts (accounting for the band in the "no protein" control), phenomena that have both been previously reported (5, 6) . The modified method was found to give better results when the original TRAP reaction buffer was used than when the AmpliTaq Gold reaction buffer (Perkin-Elmer) was used. This suggests that while AmpliTaq Gold can function in the TRAP reaction buffer, telomerase function might be compromised in AmpliTaq Gold buffer. Reactions were also performed using original AmpliTaq rather than AmpliTaq Gold without the wax barrier; however, these gave poor results, with the ladder generated typically appearing shorter and fainter (results not shown). This is most likely due to extension of primer dimers by the active TaqDNA polymerase during the telomeric extension phase. We have also used standard 0.5-mL reaction tubes in the modified method rather than thin-walled tubes and have not observed any differences.
The advantages of this modification are that reaction tubes do not have to be prepared with lyophilized oligonucleotides and wax barriers before the assay, which reduces the labor involved, decreases the cost and also decreases the risk of contamination posed by transferring reaction vessels from the thermal cycler back to a pre-PCR setup area. All of the reaction components can be added at the setup stage, thus eliminating the need to add primers and/or Taq DNA polymerase after the telomeric extension step. This reduces the amount of sample manipulation required and minimizes contamination risk. The only modification to the incubation profile is the incorporation of a 10-min step at 95°C between the telomeric extension and the PCR to allow activation of the AmpliTaq Gold. This method is therefore cheaper and easier to perform, and has lower contamination risk than previous methods using wax barriers or manual hot-start procedures.
